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Beam-helicity asymmetries for the two-pion-photoproduction reaction jp — > p7r'''7r~ have been 
studied for the first time in the resonance region for center-of-mass energies between 1.35 GeV and 
2.30 GeV. The experiment was performed at Jefferson Lab with the CEBAF Large Acceptance 
Spectrometer using circularly polarized tagged photons incident on an unpolarized hydrogen target. 
Beam-helicity-dependent angular distributions of the final-state particles were measured. The large 
cross-section asymmetries exhibit strong sensitivity to the kinematics and dynamics of the reaction. 
The data are compared with the results of various phenomenological model calculations, and show 
that these models currently do not provide an adequate description for the behavior of this new 
observable. 

PACS numbers: 13.60.-r, 13.60.Le, 13.88.-|-e 



The study of the baryon spectrum provides an av- 
enue to a deeper understanding of the strong interac- 
tion, since the properties of the excited states of baryons 
reflect the dynamics and relevant degrees of freedom 
within them. Many nucleon resonances in the mass re- 
gion above T6 GeV decay predominantly through either 
IT A or pN intermediate states into ttttN final states (see 
the Particle-Data Group review Q). Resonances pre- 
dicted by symmetric quark models, but not observed in 
the TriV channel (the so-called "missing" resonances), are 
predicted to lie in the region of > T8 GeV 0- This 
makes electromagnetic double-pion production an impor- 
tant tool in the investigation of the structure of the nu- 
cleon. 

To date, a rather large amount of unpolarized cross- 
section measurements of double-pion photo- and electro- 
production on the proton have been reported by several 
collaborations [11111,11 Si, HE [Hill. However, the 
database collected for polarization observables remains 
quite sparse. Polarization degrees of freedom in charged 
double-pion production have been studied at SLAG [13 
and in the context of the Gerasimov-Drell-Hearn sum rule 
at MAMI 0. 

On the theoretical side, some experience has been 
gained during the last decade El E [H H E IH HI 
I2II2I1. It should be noted that the various models which 
are presently used are constructed according to the same 
scheme — effective Lagrangian densities, where the pa- 



rameters for resonant and background mechanisms (con- 
tact and u, ^-channel pole terms) are either taken from 
other experiments or are treated as free parameters in 
the analysis. Aside from the wide variations in the corre- 
sponding coupling constants allowed by the Particle-Data 
Group listing, the primary source of differences between 
the models is the treatment of the background, which ap- 
pears to be very complicated in the effective Lagrangian 
approach for double-pion photoproduction. A better un- 
derstanding of the double-pion photoproduction dynam- 
ics is vital for the reliable extraction of N* photocou- 
plings. Polarization data, being particularly sensitive to 
interference effects, are expected to provide valuable con- 
straints. 

In this Letter, we report the first comprehensive mea- 
surement of the beam-helicity asymmetry [2^ 

/0 ^ ± . (1) 

in the -fp — > p7r"*"7r~ reaction, for energies W between 
1.35 GeV and 2.30 GcV in the center of mass, where the 
photon beam is circularly polarized and neither target 
nor recoil polarization is specified. P-y is the degree of cir- 
cular polarization of the photon and are the cross sec- 
tions for the two photon-helicity states = ±1. Here, 
we give a brief overview of our data and demonstrate, 
by means of a phenomenological model, the sensitivity of 
this observable to the dynamics of the reaction. 
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The experiment was performed in Hall B at the 
Thomas Jefferson National Accelerator Facility (Jeffer- 
son Lab). Longitudinally polarized electrons with an en- 
ergy Eq = 2.445 GeV were incident on a thin radiator. 
The beam polarization was routinely monitored during 
data taking by a M0ller polarimeter and was, on av- 
erage, 0.67. A photon tagger system [i^ was used to 
tag photons in the energy range between 0.5 GeV and 
2.3 GeV, with an energy resolution of 0.1% Eq. The 
degree of circular polarization of the photon beam is 
proportional to the electron-beam polarization and is 
a monotonic function of the ratio of the photon and 
incident electron energies jl^. The degree of photon- 
beam polarization varied from « 0.16 at the lowest pho- 
ton energy up to ?» 0.66 at the highest energy. The 
photon-helicity state changes with the electron-beam he- 
licity, which was flipped pseudo-randomly at a rate of 
30 Hz. The collimated photon beam irradiated an 18- 
cm thick liquid- hydrogen target. The final-state hadrons 
were detected in the CEBAF Large Acceptance Spec- 
trometer (CLAS) 113. The CLAS provides a large cov- 
erage for charged particles that includes particle mo- 
menta down to 0.25 GcV/c and polar angles in the range 
8° < 6'iab < 145°. The event trigger required a coinci- 
dence between a scattered-electron signal from the pho- 
ton tagger and at least one charged track in the CLAS. 
The four-momentum vectors of the particles were recon- 
structed from their tracks in the toroidal magnetic field of 
the spectrometer by a set of three drift-chamber packages 
and by particle identification using time-of-flight infor- 
mation from plastic scintillators located about 5 m from 
the target. 

The 7p p7r+7r~ reaction channel was identified in 
this kincmatically complete experiment by the missing- 
mass technique, requiring cither the detection of all three 
final-state particles or the detection of two out of the 
three particles. 

A schematic view of the reaction, together with an- 
gle definitions, is shown in Fig. ^ A total of 3 x 10^ 
pTT^Tr~ events were accumulated for both helicity states 
. Experimental values of the helicity asymmetry were 
then obtained as 

N+/a+-N-/a- 

N+/a+ +N-/a- ' ^ ' 

where = ^(1 ± Oc) accounts for hclicity-dependcnt 
differences in the luminosity due to a small electron- 
beam-charge asymmetry Oc « —0.0044. The value of Gc 
was determined from helicity asymmetries in single-pion 
photoproduction for data that were obtained simultane- 
ously with the double-pion photoproduction data. Any 
observed asymmetry in this reaction is instrumental [28j . 
The experimental asymmetries have not been corrected 
for the CLAS acceptance. In order to allow for an anal- 
ysis as model-independent as possible, the data are com- 
pared with event-weighted mean values of asymmetries 




FIG. 1: Angle definitions for the circularly polarized real- 
photon reaction 7p pn^Tr~ ; 0cm is defined in the overall 
center-of-mass frame, and 9 and 4> are defined as the tt^ polar 
and azimuthal angles in the rest frame of the 7r"'"7r~ system 
with the z direction along the total momentum of the 7r"'"7r~ 
system (helicity frame). 



from model calculations |29| . The determination of these 
mean values does not require a knowledge of the CLAS 
acceptance. The only major source of systematic uncer- 
tainty is the value for the beam polarization, which is 
known to about 3%. The uncertainty from the beam- 
charge asymmetry is negligible (less than 10~'^). 

Figure |21 shows angular distributions of the helicity 
asymmetry for various selected 50-McV-widc center-of- 
mass energy bins between W = 1.40 and 2.30 GeV. The 
data are integrated over the full CLAS acceptance. The 
analysis shows large asymmetries which change markedly 
with W up to 1.80 GeV; thereafter they remain rather 
stable. The asymmetries are odd functions of (f> and van- 
ish for coplanar kinematics (cj) — and 180°), as expected 
from parity conservation |24l |. The large number of ob- 
served 7p — > p'!T~^TT~ events allows for a confident anal- 
ysis of the data in selected kinematic regions, making 
it possible to tunc the different parts of the production 
amplitude independently. An example of distributions 
which are more differential than those of Fig. [3 is given 
in Fig. 13 The data a.t W = 1.50 GeV are divided into 
nine bins in the invariant mass A'/(p7r+). 

The data in Figs. [5| and |21 are compared with results 
of available phenomenological models. In the approach 
by Mokccv et al. (solid curves), double-charged-pion 
photo- and electroproduction are described by a set of 
quasi-two-body mechanisms with unstable particles in 
the intermediate states: ttA, pN, 7r7V(1520), 7riV(1680), 
7rA(1600) and with subsequent decays to the tt+tt^p fi- 
nal state 0, li^, 1^. Residual direct 7r+7r~nmecha- 
nisms are parametrized by exchange diagrams [2l|. The 
first two quasi-two-body channels mentioned above are 
described by a coherent sum of s-channel N* contribu- 
tions and nonresonant mechanisms '^^1^ estab- 
lished resonances with observed double-pion decays are 
included, plus A(1600), iV(1700), 7V(1710), and a new 
state, 7V(1720) with J'" = 3/2+, possibly observed in 
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FIG. 2: Angular distributions for selected center-of-mass en- 
ergy bins (each with AW = 50 MeV) of the cross-section 
asymmetry for the yp — > pn'^Tv' reaction. The data are in- 
tegrated over the detector acceptance. The statistical uncer- 
tainties are mostly smaller than the symbol size. The solid 
and dotted curves are the results from model calculations by 
Mokeev et al. milSIll (for 1.45 GeV < < 1.80 GeV) 
with relative phases of and tt between the background- and 
7rA-subchannel amplitudes, respectively. The dashed curves 
show results of calculations by Fix and Arenhovel (for 
W < 1.70 GeV). 



CLAS doublc-pion data Q. N* and nonrcsonant pa- 
rameters are fitted to the CLAS cross-section data for 
virtual-photon double-charged- pion production 0. The 
model provides a good description of all available CLAS 
cross-section and world data on double-pion photo- and 
electroproduction at < 1.9 GeV and < 1.5 GeV^. 

Results also have been obtained by Fix and Arenhovel 
using the model described in j^^. They use an effec- 
tive Lagrangian approach with Born and resonance dia- 
grams at the tree level. The model includes the nucleon, 
the A(1232), N{UAO), N{1520), Ar(1535), 7V(1680), 
A(1620), iV(1675), and iV(1720) resonances, as well as 
the a and p mesons. The corresponding results are shown 
in Figs. 13 and O as dashed curves. For completeness, we 
note that the recent work of Roca |Q] shows our prelim- 
inary data |30l | in the framework of the Valencia model 
for double-pion photoproduction. 

Although both models had previously provided a good 
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FIG. 3: Helicity asymmetries at PF = 1.50 GeV for nine bins 
of the invariant mass M{p-K^), as indicated. The solid curves 
are the results of Mokeev et al. [UliO, EJ]. The dashed 
curves show results of calculations by Fix and Arenhovel I23II . 



description of unpolarized cross sections, neither of the 
models is able to provide a reasonable description of the 
beam-asymmetry data over the entire kinematic range 
covered in this experiment. Even though the model pre- 
dictions agree remarkably well for certain conditions (see, 
e.g., the dashed curves in Fig. O, for other conditions 
they are much worse and sometimes even out of phase 
entirely. 

As is noted above, the main theoretical challenge for 
double-pion photoproduction lies in the fact that several 
subprocesses may contribute, even though any given in- 
dividual contribution may be small. In this connection, 
the polarization measurements should be very helpful in 
separating the individual terms. The particular sensitiv- 
ity of the beam asymmetry to interference effects among 
various amplitudes is illustrated in Fig. |21 The dotted 
curves show results of calculations by Mokeev et al. with 
a relative phase of tt between the background- and ttA- 
subchannel amplitudes. The access to interference ef- 
fects permit a cleaner separation of background and res- 
onances. This in term makes it possible to make more 
reliable statements about the existence and properties of 
nucleon resonances. 

Figure |31 shows the helicity asymmetry as a function 
of the invariant mass Af (p7r^) for two different values of 
W and a fixed value of 0. This is a typical case. The 
most interesting features of these data are the changes 
that occur as M{j)n~) traverses the A(1232) resonance. 
At FF = 1.55 GeV, a maximum is seen in the region 
of this resonance. We see a similar trend in the re- 
gion of the higher-mass resonances around 1.60 GeV for 
W = 1.95 GeV. This hints at the way in which the he- 
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FIG. 4: Helicity asymmetry as a function of the invariant 
mass M{p-K-) for W = 1.55 GeV (filled circles) and 1.95 GeV 
(open triangles) and a 30°-wide i^-angle range centered at A = 
105°. The curves are the resuhs of Mokeev et al. [19 I I20 I I2I 
(sohd) and Fix and Arenhovel ^ (dashed) for W = 1.55 GeV 
only. Note that the result of Fix and Arenhovel is in phase 
with the data (filled circles) and that of Mokeev et al. is not. 
The vertical lines indicate the masses of the known TV and A 
resonances. 



licity asymmetry (along with other polarization observ- 
ables) could be used in studies of baryon spectroscopy. 
Of particular interest is the study of sequential decays 
of resonances, such as A^(1520) ttA ttttN, or 
7V(1700) 7rA^(1520) ttttN, which can be studied 
at moderate values of W from 1.5 to 1.9 GeV; see [loj . 
Here, the p-production channel is also open. This is the 
energy range where yet-unobserved resonances are pre- 
dicted to lie 

In summary, we have given a brief overview of our 
7P pTT'^TT" data, and we have demonstrated, by 
means of phenomenological models, the sensitivity of this 
helicity-asymmetry observable to the dynamics of the re- 
action. The large amount of high-quality data that we 
have obtained opens the path for a series of further inves- 
tigations. Obvious next steps are (1) a better theoretical 
understanding of the reaction and (2) an attempt to de- 
scribe simultaneously our polarized double-charged pion 
photoproduction data and other CLAS data obtained 
with unpolarized real [lH and virtual 0| photons. 

We see, even from the small sample of data shown here, 
that existing theoretical models have severe shortcomings 
in the description of the beam-helicity asymmetries. In 
the region of overlapping nucleon resonances (and uncon- 
trolled backgrounds), it clearly will be a challenge to any 
theoretical model to describe this new observable that de- 
pends so sensitively on the interferences between them. 
Yet, without a proper understanding of the ttttN channel 
the problem of the "missing" resonances is unlikely to be 
resolved. 
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